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Saainarf.  --  It  U  n<'*»d  that  the  polarisatiuit  of  muona  (or  electrons) 
from  pion  (or  kaon)  decay,  it(K)->p(e)-|-v,  is  not  complete  when  radiative 
corrections  are  taken  into  account.  It  is  shown  that  the  rorre<‘tion  is 
▼er}'  small. 
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It  ii  uiukUy  ateted  that,  aa  a  oonaeqnence  of  the  two-component  neutrino 
thorny,  the  mnona  from  pion  decay, 

(1)  w->l*-t-v, 

are  completely  polariaed.  The  {don  ia  apinleaa  and  in  ita  reat  ayatem  the  decny 
predaeta  travel  in  oHwite  dtreotiona.  From  eonaervation  ^  anffuiar  mo- 
mentnm  U  ftdlowa  that  complete  polarisation  for  the  neutrino  impUea  con  >lete 
polarisation  for  the  muon.  Present  ezperimenta  (>  ')  are  in  excellent  H,(’ree- 
ment  with  this  conclnaion. 
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It  is  interesting  to  note,  however,  that  when  radiative  ccrre'^tions  to  (1) 
are  included  the  polarization  of  the  muons  is  no  longer  complete.  The  radiative 
corrections  are  of  two  types:  a)  vertex  and  self -energy  corrections,  which  in¬ 
volve  only  virtual  photons  and  which  add  coherently  to  the  lowest  order  am- 
plitade  for  (1),  and  b)  inner  bremsstrahlung,  involving  the  emission  of  real 
photons,  which  adds  incoherently  to  (1).  Both  types  are  separately  infra-red 
divergent,  but  in  any  physical  situation,  corresponding  to  a  definite  muon 
energy  resolution,  this  divergence  camels  in  the  usual  way. 

The  argument  that  muon  polarization  must  be  complete  still  holds  in  the 
presence  of  all  diagrams  of  type  a).  The  radiative  corrections  to  the  muon 
polarisation  are  thus  due  only  to  the  emi.ssion  of  real  radiation.  This  means 
that  the  infra-red  divergent  terms,  which  dominate  soft  photon  emission,  must 
also  give  completely  polarized  muons.  Consequently,  the  radiative  correction 
to  the  polarization  of  muons  from  pion  decay  can  be  expected  to  be  very  small. 

We  have  recently  calculated  the  tmnsition  rates  for  radiative  kaon  and 
pion  decay  in  another  context  {*).  We  wish  here  to  reimrt  the  explicit  results, 
which  may  be  obtained  from  such  a  calculation,  for  the  lowest-order  radiative 
conection  to  the  polarization  of  the  emitted  muons  (or  electrons)  (*).  It  will 
be  sufficient  to  consider  the  inner  bremsstrahlung  resulting  from  the  gauge- 
invariant  phenomenological  coupling 

(2)  ~  -  /[O,-  +  »>,)»-]  • 

An  explicit  calculation,  for  example,  of 
the  effects  of  an  intermediate  vectm-  boson 
indicate  that  they  are  negligible  for  low- 
energy  photons  (*). 

As  we  have  indicated,  the  Feynman 
diagrams  which  oontribute  to  the  radlattve 
correction,  up  to  first  order  in  the  fine 


into  those  involving  only  virtual  photons 
(including  the  lowest  order  diagram)  and 
those  involving  real  photons,  as  in  Pig.  1. 
The  transition  probability  is  the  inco¬ 
herent  sum  of  the  virtual  and  real  photon 
parts 

(3)  r=r,+  r,. 


o)  verltx  and  self  energy  diagrams 

b)  Inner  bremsstrahlung 

-i^  - -  kC 

Fig.  1.  -  LowMt-order  Feynman  dia¬ 
grams  for  rnliative  corrections  to  ( 1 ). 


(*)  £.  S.  Ginsskro  and  R.  H.  Pratt:  Pkgs,  Rer.,  130,  2105  (1963). 

(*)  £.  11.  Gi.s.sbkr(1  and  R.  H.  Pratt:  Bull.  Am.  Pbtfs.  fine.,  7,  502  (1962). 
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The  muon  pulurixatioii  is  defined  to  be  (for  definitenesH,  let  as  consider  rt'*'- 
decays) 


(4) 


/•(-)  + AH-)’ 


where  A±)  is  the  dec^ay  rate  for  muons  with  helicity  ±1. 

The  matrix  element  for  the  emission  <A  real  photons  has  been  fnven  else¬ 
where  (*).  The  only  difference  here  is  that  since  we  are  interested  in  polarised 
muons  we  must  insert  a  projection  operator, _ _ _ 

(5)  ir_  =  1(1  — 


in  front  o(  the  muon  Dirac  spinor,  where  p-»  =  0  and  a*  =  — 1.  (In  the 
muon  rest  frame,  H_  projects  onto  the  spin  direction  antiparallel  to  is.) 

On  invariance  gronds,  the  matrix  element  for  the  lowest-order  diagram  plus 
the  vertex  correlations  is  proportional  to 

(«)  <i*(p' -  p  -  ^pl-  ^ * 

where  the  four-veidor  is  a  sum  of  (periiaps  divergent)  integrals  ov«r  the 
virtual  photon  momentum.  The  only  foor-veetors  available  are  p',  p.,  and  t., 
but  due  to  the  Dirac  equation  and  enMgy  conservation  we  may  repiaoe  /. 
by  Ip„  where  I  is  the  sum  at  scalar  integrals.  Thtrsfore,  the  matrix  element 
for  the  diagrams  which  contain  no  real  photons  is  pioportional  to 

(7)  d«(p'-  p  -  k)m^  S  ^  • 

(We  have  used  the  faet  that  p^noaimatss  wtth^ir_.t  Ftwrrthll,  w«  leadity 
obtain  in  the  decay  rate  (in  tin  omter-ol-iBass  system) 

(8)  /;-/;(i-ii)g(n-?«), 

where  T,  is  the  decay  rate,  in  lowest  order,  for  nnpolariaed  muons 

(9)  A,  =  fmlim*  —  ia*)'(l0»i)“*  m;* . 

The  unit  vei^tor  it  is  parallel  (antiparallel)  to  the  muon  direction  of  motkm  f 
for  muons  with  helicity  — 1(+1).  Thus 

(10)  /;(+)  =  o,  n(-)  =  r,^i-~/J. 
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The  muon  polarisation,  corrert  up  to  first  order  terms  in  a,  ran  now  be 
written 


(11) 


#  _  /U  i  !-  t'ri- )  -J'A  +J  ^  I  _  ..  ^  > 

“  /;(-)  +  /;(-)  +  i'A+)  ~  “  K 


As  expe«  t«d,  the  expression  f  r  r,(  +  )  is  not  infra-red  divergent  (altliounli 
/’,(—)  is)  and  the  integrals  in  /  ean«‘el  out  of  the  expression  for  J*.  We  find 
that,  integrating  over  all  photon  variables. 


(12) 


?»("•; 


■tfwnr 


+  p\  •"niP:  -  /')  wl(A’  4  p)]  ^ 

■j  "*  7'"(«=p)-*J[ - »i — J  + 

•ml,  ^ 

/mi -  2m, E  -r  mi\  f  /mi(E  -p)-  w*\  +  /.)  -  ml\]] 

( - i.  "  )l' -[  2-Sp  ' 


where  E  and  p  refer  to  the  energy  and  momentum  of  the  muon.  The  infegntl 
in  eq.  (  .)  is  to  be  interpreted  as  being  over  the  iicoepted  range  of  muon  ene»‘- 
gies.  liis  will  be  determined  by  experimental  loitditions  (t.e.,  the  muon  energy 
resolut  on)  and  in  any  event,  is  limited  by  kimmatios  to  the  range 


(13) 


*4+  K 

2m, 


Suppoae  that  the  quantity  d  —  is  small.  We  may  then 

expand  the  integrand  in  eq.  (12)  and  retain  only  the  lowest-order  term  of  the 
integral  in  J.  The  reenit  is 


Sabstitnting  for  the  masses  we  find 


#(K  p-fv)  ~  1  —  0.00454* . 

Similarly,  the  coefficient  of  J*  for  the  muon  polarization  from  kaon  decay 
(substituting  m,  for  m,  in  eq.  (14))  is  0.00072;  for  the  electron  modes  of 
both  pion  and  kaon  decays  the  coefficient  of  J*  is  very  close  to  a/4ff  or 
0.00068. 

The  maximum  value  of  A,  for  the  case  n  is  obtained  by  setting 
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(15) 


J 


(m„-  mjj) 

**«  +  ’»*i 


~  0,041  . 


'therefore,  the  cxp»niuon  in  poweni  of  4  iH  quiU)  good  even  for  lui  experiment 
with  no  energy  rei«olution  whatever.  On  the  other  hand,  if  i*  replaced  by 
in  eq.  (15)  we  only  have  A  <  0.59,  however  an  energy  reaolotion  of  only  16% 
make8  J  ~0.1.  For  the  electron  modes  of  either  pion  or  kaon  decay  we  may 
neglect  w.  compared  to  either  m,  or  tn  so  that  4  ia  eeaentially  the  fractional 
energy  resolution  of  the  experiment,  which  should  be  on  the  order  of  a  few 
percent.  Thus,  as  expected,  we  conclude  that  the  radiative  correction  to  the 
polarization  is  small  for  all  decays  n(K) -»^p(e)+v. 


K1A88UNTO  (•) 

Si  nota  che  U  polat  issaaione  del  maoBi  (o  degli  etettroai)  da  deeadiacaM  dei  pkm 
(o  dei  cauni),  R(K)-»g(e)+v,  non  5  oompleta  m  si  tlaa  eoato  dsUe  eomaioai  ndiiAivsi 
Si  mnatra  che  la  oorresione  ^  molto  pieeola. 


